Abstract: This paper conducts a structured review on the topic of energy efficiency and environmental sustainability in the supply chain management context to define research trends on the topic and identify research gaps. The review is carried out using the largest databases of peer-reviewed literature (Scopus and Web of Science). A sample of 122 papers focusing on the topic of energy-efficient and sustainable supply chain management was selected and analyzed through descriptive and content analysis. The review highlights that despite there is a growing research trend on the topic, different research gaps remain to be covered. These gaps concern the factors influencing energy efficiency and environmental sustainability initiatives, the classification of energy efficiency and environmental sustainability initiatives, the impact of energy efficiency and environmental sustainability on supply chain performance, the customer perspective in sustainable and energy-efficient supply chain, and the different technologies supporting the energy efficiency and environmental sustainability initiatives. The research gaps and the research questions identified offer the opportunity to identify areas of investigation to design future research directions and propose guidelines in the field of supply chain management.
Introduction
The literature highlights that the supply chain has undergone radical changes and passed through several evolutionary phases [1] [2] [3] .
In the 1970s, the body of literature was affected by the growth poles theory [4] and the supply chain was a star-shaped system affected by vertical dyadic customer-supplier relationships.
In the 1980s, the supply chain became a pyramidal-shaped system affected by dyadic trust between customer and first-tier suppliers [5] [6] [7] and the dyadic relationships between customer and suppliers were affected positively by the processes of information and knowledge sharing [8, 9] .
In the 1990s, the body of literature was influenced by the strategic collaborative/competitive alliances between firms and a variety of initiatives managed by the customer [10] [11] [12] [13] .
From the last decade, a growing research trend is related to the evolution of environmental awareness due the impact of the requirements established by the main climate change agreements [14] [15] [16] [17] [18] on individual firms and supply chains operating in both manufacturing and service industries [19] [20] [21] [22] [23] [24] [25] [26] . According to the these requirements, starting from the last decade supply systems are affected by sustainability issues [27] [28] [29] [30] [31] [32] [33] , the impact of environmental management strategies [34] [35] [36] [37] , and the new opportunities offered to green supply systems by circular economy [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] .
With these premises, new concepts began to spread in the body of literature, namely the circular supply chain, the green supply chain, the resilient supply chain, the responsible supply chain, the sustainable supply chain [51] [52] [53] [54] [55] [56] [57] [58] , as well as the crucial role represented by the processes of circulation of information and knowledge [59] [60] [61] [62] [63] .
In addition, in this evolving scenario companies can leverage on product life cycles to promote collaborative processes with customers and other stakeholder [64, 65] , and sustainable social goals [66] , significant product innovations and cultural changes that influence positively both environmental sustainability and energy efficiency issues across individual firms and supply chains [67] [68] [69] . More specifically, according to the emerging literature on open innovation, managing the impact of firms' operations on the environment could be supported by the use of innovative collaborative technologies for new product development [70] [71] [72] [73] .
With this background in mind, the main aim of the present review on environmental sustainability and energy-efficient supply chain management is to provide an updated overview on the topic to identify the main factors influencing positively or negatively the adoption of energy efficiency and environmental sustainability initiatives, the main initiatives adopted, the impact of these initiatives on supply chain performance, the information and communication technologies supporting these initiatives, and the customer perspective in energy-efficient and sustainable supply chain (RQ). These perspectives of analysis are complementary to those of the previous review on the topic of sustainable supply chain [36, [74] [75] [76] that do not focus on the crucial role of energy efficiency issues in supply chain management. According to Stock and Boyer [77] , we define supply chain management as the management of a supply network of internal and external relationships between interdependent firms and business units consisting of material suppliers, purchasing, production facilities, logistics, marketing, and related systems that facilitate the forward and reverse flow of materials, services, finances and information from the original producer to final customer with the benefits of adding value, maximizing profitability through efficiencies, and achieving customer satisfaction. The supply network includes the vertical dyadic relationships that exist between the firm and a single or multiple customers and suppliers, and the horizontal relationships between suppliers. According to this definition, these types of supply relationships identified are used as an analytical perspective to conduct our structured review and they are sharper to the consequent research gaps identified highlighting the operations management point of view.
The supply network includes both vertical dyadic relationships customer-supplier and horizontal relationships supplier-supplier. According to this definition, these types of supply relationships are used as a perspective of analysis to carry out our structured review and they are sharper to the consequent research gaps identified highlighting the operations management point of view.
The remainder of this paper is divided into seven sections. In the next section, the methodology is illustrated. The third section presents the process of material search. The process of papers selection is described in the fourth section. In the fifth section, the descriptive analysis provides a summary overview of the selected papers. In the sixth section, the content analysis of papers allows us to identify the research gaps in the literature as well as to define the proposed guidelines for future research on the topic. The paper presents conclusions and research implications in the seventh section.
Methodology
The methodology consists of a structured review dealing with supply chain energy-efficiency and environmental sustainability research. A structured review is an overview of scientific contributions on a topic adopting replicable methods. Pittaway et al. define a systematic methodology to conduct a structured review starting from the identification of keywords until the validation of papers selected through the citation method [78] . Petticrew and Roberts propose a conceptualization of structured review as a "review that strives to comprehensively identify, appraise and synthesize all relevant studies on a given topic" [79] . Easterby-Smith et al. define a review protocol to conduct a structured review and identify research gaps on the topic under investigation [80] . Summarizing, the above contributions and according to Cerchione and Esposito [59] and Centobelli et al. [75] , this structured review is divided into two phases, subdivided into two sub-phases:
1.
Papers acquisition and selection which includes:
(a) The material search, which consists in the identification of keywords and the choice of academic databases to be investigated (Scopus, Web of Science, etc.) (b)
The papers selection, which consists in the identification of criteria for inclusion/exclusion of the papers according to such criteria 2.
Descriptive and content analysis of the selected papers:
(a) The descriptive analysis, which consists in a summary overview of the selected papers according to different descriptive perspectives (b)
The content analysis, which consists in a more detailed analysis of the papers to highlight research gaps and define future research guidelines on the topic.
This section may be divided by subheadings. It should provide a concise and precise description of the experimental results, their interpretation as well as the experimental conclusions that can be drawn.
Material Search
The papers are selected using Scopus and Web of Science, the largest databases of peer-reviewed literature, searching the ones published from 1990, as environmental sustainability related to supply chain is a quite new topic of research. The keywords set used includes the strings "efficient supply chain", "energy supply chain", "environmental supply chain", "green supply chain", "sustainable supply chain", and "supply chain sustainability". These selected keywords allowed us to identify an initial sample of 1377 papers (Table 1) . Selected Keywords "efficient supply chain" OR "energy supply chain" OR "environmental supply chain" OR "green supply chain" OR "sustainable supply chain" OR "supply chain sustainability"
Scopus database 1275
Web of science database 750
Duplicates 648
Total number excluding duplicates 1377
Papers Selection
According to the methodological review steps provided by Pittaway et al. [78] , Roehrich et al. [81] , and Cerchione and Esposito [59] , three inclusion/exclusion criteria were identified to generate an unbiased review of the literature and focus only on the contributions focusing on energy efficiency and environmental sustainability in supply chain management context ( Table 2 ). The definition of these criteria allows the reader to reproduce the different steps. The first selection criterion follows the approach proposed by Pittaway et al. [78] , Roehrich et al. [81] and Cerchione and Esposito [59] to include those papers whose abstracts focus on energy efficiency and environmental sustainability in the field of the supply chain. Abstracts of the 1377 papers were analyzed by two readers in parallel, plus a third one in case of uncertainty. According to Roehrich et al. [81] , after reading the abstracts, we excluded editorials, transcribed speeches, book reviews and books for our subsequent analyses. Then, according to Pittaway et al. [78] , Roehrich et al. [81] and Cerchione and Esposito [59] papers were divided into three categories (Table 3 ):
•
List I: papers with a focus on energy efficiency and environmental sustainability in supply chain context • List II: papers with a prevalent focus on energy efficiency and environmental sustainability, but not focusing on the supply chain context • List III: papers with a prevalent focus on the supply chain, but not focusing on energy efficiency and environmental sustainability issues. The papers included in List II and List III were not considered as they were not focused on the scope of this literature review. The 308 papers included in List I were read in full and subjected to the second selection criterion.
The second selection criterion allows considering the focus of the entire paper. For this objective, according to Cerchione and Esposito [59] , the content of selected papers was read in full by three researchers in parallel. This phase allowed us to exclude 195 and include only the papers focusing on the research topic. According to Roehrich et al. [81] , the papers selected were scholarly publications based on conceptual, quantitative or qualitative empirical nature.
The third selection criterion is a validation criterion used in structured literature reviews for the choice of the selected databases and search terms. This criterion is very adopted in systematic reviews and allows us to identify and retrieve any important papers cited in the body literature, but not selected through the use of the selected databases and search terms [75] . Nine additional papers were added to the final sample in this phase. Then, the papers selected for the next phase of descriptive analysis are 122.
In summary, two criteria of exclusion and one criterion of inclusion have been defined to generate both an unbiased and comprehensive review of the literature according to the different topic areas identified and used as perspectives of analysis (i.e., green initiatives, performances, drivers and barriers, ICTs). Specifically, the third criterion allows us to identify and retrieve any important papers cited in the literature, but not selected through the use of the selected databases and search terms.
Descriptive Analysis
The descriptive analysis aims to provide a summary overview of the selected papers that focus on the topic of energy efficiency and environmental sustainability in the supply chain. Three descriptive perspectives of analysis were identified:
1.
Papers over time 2.
Papers by journal subject area 3.
Papers by methodology
Papers over Time
The distribution of papers over time highlights that in recent years there is a growing trend of the literature on the topic of energy efficiency and environmental sustainability in the supply chain. This growing research trend is related to the evolution of environmental awareness due the impact of the requirements established by the main climate change agreements [14] [15] [16] [17] [18] on individual firms and supply chains operating in both manufacturing and service industries. An increasing number of contributions are showing how firms can leverage on product life cycle to promote significant product innovations and cultural changes that influence positively environmental sustainability and energy efficiency issues across individual firms and supply chains [67] [68] [69] . Collaborative processes with customers and other stakeholders allow firms to achieve sustainable business goals [82] , sustainable environmental goals [64] , and sustainable social goals [66] . More specifically, in the context of open innovation, managing the impact of firms' operations on the environment could be supported by the adoption of innovative collaborative technologies for new product development [70] [71] [72] [73] .
Papers by Journal Subject Area
Different journal subject areas have been identified adopting the platform SCImago Journal Rank (SJR) (Appendix A): "Multidisciplinary", "Business, Management and Accounting", "Decision Sciences", "Engineering", "Computer Science", "Social Sciences", "Economics, Econometrics and Finance", "Environmental Science", "Energy", "Mathematics".
The papers dealing with energy efficiency and environmental sustainability in supply chain management context represent a crossroads research area involving different peer-reviewed journals concerning many different subject areas (Appendix A).
Papers by Methodology
More than 50% of papers are based on quantitative methodologies, i.e., surveys, mathematical and simulation models (Figure 1 ). Twenty-seven papers qualitative papers are single or multiple case studies. Twenty-five conceptual papers are based on previous theoretical approaches without collecting empirical data. Finally, two papers are based on mixed methods combine qualitative and quantitative methods. The methodological analysis of the selected papers highlights that the qualitative literature on the topic neglects longitudinal case studies. This result allows us to identify a research gap concerning the evolution in environmental awareness and the consequent evolutionary process of firms in adopting energy-efficient and sustainable initiatives. This aspect demonstrates that the framework of knowledge in the field of environmental sustainability and energy-efficient supply chain management is in evolution in the current literature and this result provides guidance for the necessity of future longitudinal research. 
Content Analysis
The content analysis of 122 selected papers aims to provide a more detailed analysis of the papers included in the body of literature on energy efficiency and environmental sustainability in the supply chain management context. According to the main topics analyzed by the literature, five topic areas were identified: The table reported in Appendix B highlights that the topic area with the highest number of papers is "impact of energy efficiency and environmental sustainability on supply chain performance" (51 papers), while "information and communication technologies (ICTs) supporting energy efficiency and environmental sustainability initiatives" includes the lowest number of papers (4); "factors influencing energy efficiency and environmental sustainability initiatives" includes 31 papers, "classification of energy efficiency and environmental sustainability initiatives" includes 25 papers, and "customer perspective in energy-efficient and sustainable supply chain" includes 23 papers. Since some papers deal with more than one topic area, the total of papers reported in Appendix B is 
The content analysis of 122 selected papers aims to provide a more detailed analysis of the papers included in the body of literature on energy efficiency and environmental sustainability in the supply chain management context. According to the main topics analyzed by the literature, five topic areas were identified:
TA1. Factors influencing energy efficiency and environmental sustainability initiatives, in which the main drivers and barriers related to the introduction of energy efficiency and environmental sustainability initiatives in supply chain context are identified; TA2. Classification of energy efficiency and environmental sustainability initiatives, showing the different categorizations of initiatives proposed in the literature; TA3. Impact of energy efficiency and environmental sustainability on supply chain performance, in which the relationship between energy efficiency, environmental sustainability and supply chain performance is analyzed; TA4. Customer perspective in energy-efficient and sustainable supply chain, showing the crucial role of customer involvement in greening the supply chain;
TA5. Information and communication technologies (ICTs) supporting energy efficiency and environmental sustainability initiatives, in which appropriate technological tools supporting the spread of energy efficiency and environmental sustainability in supply chain are analyzed.
The table reported in Appendix B highlights that the topic area with the highest number of papers is "impact of energy efficiency and environmental sustainability on supply chain performance" (51 papers), while "information and communication technologies (ICTs) supporting energy efficiency and environmental sustainability initiatives" includes the lowest number of papers (4); "factors influencing energy efficiency and environmental sustainability initiatives" includes 31 papers, "classification of energy efficiency and environmental sustainability initiatives" includes 25 papers, and "customer perspective in energy-efficient and sustainable supply chain" includes 23 papers. Since some papers deal with more than one topic area, the total of papers reported in Appendix B is 122 but the sum of papers included in each topic area is 133. In the next paragraphs these five topic areas are analyzed.
TA1. Factors influencing energy efficiency and environmental sustainability initiatives
The first area includes 31 papers highlighting the factors influencing energy efficiency and environmental sustainability initiatives in the supply chain. Content analysis shows that the selected papers deal with the following two topics:
• Drivers: factors influencing positively energy efficiency and environmental sustainability initiatives (29 papers); • Barriers: factors hindering energy efficiency and environmental sustainability initiatives (26 papers).
As for drivers, the table reported in Appendix C shows that energy efficiency and environmental sustainability initiatives adoption is affected by the following 11 specific factors: company size (7 papers), human resource capability (4 papers), technology (10 papers), standard regulations (7 papers), customers pressure (16 papers), competitiveness pressure (10 papers), network (5 papers), profitability (8 papers), brand (5 papers), organization support (7 papers), and government support (14 papers).
With regard to the barriers, the table reported in Appendix D highlights that energy efficiency and environmental sustainability initiatives adoption is influenced by the following 10 specific factors: investment costs (10 papers), company size (8 papers), decrease in services offered quality (2 papers), uncertain recovery (5 papers), ecological complexity (3 papers), technological complexity (five papers), market volatility (8 papers), price increase (six papers), organization support (3 papers), standard regulations (6 papers).
In summary, the papers included in this area highlight that the adoption of energy efficiency and environmental sustainability initiatives is driven mainly by relational drivers (e.g., customers pressure) and regulation drivers (e.g., government support). Concerning barriers, content analysis highlights that the majority of papers analyze the impact of blockage barriers (e.g., investment costs), contingency barriers (e.g., company size), and market barriers (e.g., market volatility).
More in details, the literature on the topic does not still provide an interpretative taxonomy for both drivers and barriers affecting the adoption of energy efficiency and environmental sustainability initiatives.
As for the lack of an interpretative taxonomy, since the classification of factors influencing positively/negatively energy efficiency and environmental sustainability initiatives adoption (Appendixs C and D) does not offer a detailed overview, it is possible to identify six main categories of factors that could be analyzed by future research: management factors (e.g., quality equipment, organizational form, level of service); human and cultural factors (e.g., people competence, motivation, training and education); firm factors (e.g., international interactions, organizational size); social skills (e.g., cooperation, inter-organizational trust, common projects experience, approach to investments); socio-political factors (e.g., power of partners, socialization, institutional orientation, opportunistic attitude); and technical factors (e.g., ICTs application degree, information systems, tracking systems).
In addition, no distinction emerges between pure drivers, pure barriers, contextual drivers and contextual barriers. Pure drivers are factors affecting positively the adoption of energy efficiency and environmental sustainability initiatives, but their lack would not negatively affect their acquisition. Pure barriers are factors hindering the adoption of energy efficiency and environmental sustainability initiatives, but whose lack would not drive their acquisition. Contextual drivers or barriers are factors whose presence would affect positively/negatively the adoption of energy efficiency and environmental sustainability initiatives, but whose lack would positively hinder/affect their acquisition. Specifically, an example of factors which have a dual nature of drivers/barriers are firm size, technology, standard regulations and organization support.
TA2. Classification of energy efficiency and environmental sustainability initiatives
The second area comprises 25 papers dealing with the classification of energy efficiency and environmental sustainability initiatives adopted in the supply chain. Content analysis of papers allows to identify the following five categories of initiatives:
• Inter-organizational initiatives (7 papers).
The table reported in Appendix E shows that the majority of papers included in this area focus on efficient initiatives and intra-organizational initiatives. In addition, it should be noted that 10 out of 25 papers deal with different categories of initiatives.
As for the papers dealing with administrative initiatives, Sarkis et al. [83] provide an overview regarding energy-efficient and green supply chain management (GSCM) carried out in relation with organizational theories about administrative initiatives in political science sector, human sciences, engineering end economics. Hsu et al. [84] carry out a survey that allows defining a model where administrative initiatives are independently classified and structured into three categories: green purchases, environmental and reverse logistics design. Moreover, the authors deem necessary that managers impose appropriate corporate policies and they use quantitative measuring instruments to verify the levels of achievement of objectives. Alexander et al. [85] analyze the use of decision theory concepts in sustainable supply chain management (SSCM). The findings allow classifying administrative initiatives in an analytic way. Roehrich et al. [56] develop a survey to sustain that the decision-makers can make sub-optimal choices than their efforts on supply chain management practices; their decision shall be taken under limited rationality compared with various constraints including conflicting priorities, available capabilities, and resources. Adawiyah et al. [86] define empirically the relationship between the energy-efficient and GSCM practices and relative performance, especially at an administrative and organizational level for small and medium enterprises.
As for the papers focusing on transport initiatives, Li et al. [87] define a number of parameters and a number of variables and then create a model to support the goods transportation management. Dadhich et al. [88] highlight the responsibilities that all companies have towards the society to implement production processes impacting as little as possible in a negative way on the environment, develop a reverse logistics as efficient as possible, realize packaging easy to dispose of and minimize the polluting waste production. Li et al. [89] realize a mathematical model to minimize the number of empty travels of containers, get the right mix of transported products, and measure the improvements achieved thanks to this model use.
Concerning the papers on efficient initiatives, Rao and Holt [90] conduct a survey dealing with the importance of involving actively all members of the supply chain, defining the performances of the actions described in the model. Vachon and Klassen [91] develop a survey to define the integration practices of supply chain and the necessary practices to implement an energy-efficient green supply chain. Zhu et al. [50] provide a survey on the connection between green supply chain practices and their performance, by focusing on the impact they have on the quality of the service provided. Pullman et al. [92] explore the connection between GSCM initiatives adopted and their environmental and social impact. Zhu et al. [93] propose a survey to numerous companies active in the logistics service providers (LSPs) industry, providing a classification of sustainable initiatives and identifying the most widespread one and the related impact in an analytic way. Schoenherr and Talluri [94] carry out a survey to analyze the relationship between environmental sustainability practices and their performances, and define for each initiative the efficiency and inefficiency percentages. Mohanty and Prakash [95] develop a survey to validate the following assumptions: companies that can handle a higher pressure from external stakeholder are more likely to adopt energy-efficient and GSCM practices; the application of these practices must be properly supported by expert top managers; the levels of performance achieved are different according to the firm size. Green et al. [96] use a mathematical model that allows them to analyze the relationship between manufacturing companies developing environmental initiatives with their suppliers and their performance. The purpose of the work of Beske and Seuring [97] is to identify key categories of supply chain sustainability management practices. According to the authors, the environmental sustainability in LSPs has become a subject of crucial interest in the field of supply chain management. Bonilla et al. [98] conduct a survey to investigate that the adoption of energy efficiency and environmental sustainability initiatives is aimed not only to reduce the environmental impact but also to become more competitive than their competitors in LSP industry.
As for the papers dealing with intra-organizational initiatives, Rao [99] develops a model including the following latent constructs: use of ecological raw materials, processes optimization in order to reduce solid waste, processes optimization in order to reduce emissions of environmentally damaging substances and use of new technologies in order to save power from combustible sources. Zhu et al. [100] use an empirical study to compare environmental supply chain management (ESCM) practices within the automotive industry in China and UK. The findings allow realizing a classification of ESCM practices taken by them at inter-and intra-organizational level. Mollenkopf et al. [101] classify energy efficiency and environmental sustainability initiatives, and then they deal with the issue of factors which hinder/facilitate their adoption. Soler et al. [102] develop a case study highlighting that purchasers in the supply chain perceive and use environmental principles in a different way about their role. Shi et al. [103] formulate a theory that is connected with the application of energy efficiency and sustainability initiatives at intra-organizational level. The examined companies show both a reactive and proactive approach. Reactive approaches refer to policies aimed to satisfy the minimum set of measures needed to comply with existing legislation, whereas the proactive approaches refer to policies aimed to realize a reduction of harmful emission from solid waste. Ashby et al. [74] reveal a strong gap between theoretical and practical aspects relating to the application of energy efficient practices.
Finally, concerning the papers on inter-organizational initiatives, Kogg and Mont [104] develop a case study analyzing successful Swedish companies. The results indicate that responsibility in the supply chain is due to inter-organizational perspective.
The papers included in this category provide different classifications of energy efficiency and environmental sustainability initiatives. In addition, these papers do not provide a shared overview of the initiatives that a firm could adopt to achieve energy efficiency and environmental sustainability objectives, and do not offer a distinction between single firm initiatives (e.g., alternative transportation modes, alternative vehicles, alternative energy sources, energy-efficient warehousing) and supply chain initiatives (e.g., coordinated logistics and transportation programs, coordinated certification programs and green goals, collaboration with customers) neglecting the crucial role of supply chain partners to adopt joint sustainable initiatives.
TA3. Impact of energy efficiency and environmental sustainability on supply chain performance
The third topic area includes 51 papers focusing on the relationship between energy efficiency, environmental sustainability, and supply chain performance. Content analysis of selected papers highlights that energy efficiency and environmental sustainability initiatives may impact three main performance types:
• Environmental performance (39 papers) • Economic performance (31 papers) • Operational performance (7 papers)
The table reported in Appendix F shows that the majority of papers deals with environmental performance and economic performance. Furthermore, 22 out of 51 papers included in this area focus on diverse types of performance. To provide an in-depth analysis, it is possible to divide the categories mentioned above into subcategories (Appendix G).
As for environmental performance, it is possible to identify four subcategories: green performance, energy consumption, waste management and social impact. "Green performance" includes papers dealing with the adoption of practices that have an impact on environmental sustainability. "Energy consumption" includes papers concerning CO 2 emissions (i.e., the emission of carbon dioxide into the atmosphere), fuel consumption and GHG emissions (greenhouse gas is a gas able to hold infrared radiation and cause the greenhouse effect). "Waste management" includes papers focusing on the set of practices aimed to manage the process of production and disposal of waste. "Social responsibility" includes papers dealing with corporate social responsibility towards energy efficiency and environmental issues.
Concerning economic performance, it is possible to define four subcategories: economic growth, quality, environmental costs and competitive advantage. "Economic growth" includes papers dealing with the achievement of positive economic results through the adoption of supply chain practices. "Quality" includes papers concerning the adoption of practices that have positive effects on quality. "Environmental costs" includes papers dealing with costs to be born to achieve green targets. "Competitive advantage" includes papers concerning the adoption of practices allowing to achieve a competitive advantage.
As for operational performance, we include papers focusing on operational practices which have an impact on the energy efficiency and environmental sustainability in the supply chain.
The table in Appendix G shows that most of the papers (39) concerns environmental performance (green performance, energy efficiency, waste management and social impact); 31 papers deal with economic performance (economic impact, quality, environmental costs and competitive advantage); finally, seven papers focus on operational performance. Moreover, the majority of papers included in this area focus on different types of performance.
As for the papers dealing with environmental performance, Ala-Harja and Helo [105] provide a case study claiming that a supply chain may be converted into a green supply chain by reducing use of electricity and CO 2 emission, using alternative energy sources and optimizing the use of vehicles. Bai et al. [106] develop a mathematical model to evaluate, select and control sustainable supply chain performance through the use of a performance measurement system (PMS). Bjorklund et al. [107] conduct a case study in which they propose a way to measure the performance of energy efficiency and environmental sustainability supply chain initiatives. Blome et al. [108] develop a mathematical model analyzing 259 European manufacturing firms. The findings show a number of direct and indirect effects resulting from the adoption of reverse logistics initiatives (e.g., recycling and reusing). Fahmnia et al. [109] carry out a mathematical model to define a trade-off between costs and environmental performance in terms of indicators to measure energy consumed level and CO 2 emission level. Gualandris and Kalchshmidt [110] develop a survey in the manufacturing industry to investigate the relationship among sustainable initiatives, green supply chain management and customers pressure. Grosvold et al. [39] provide a case study to analyze how GSCM and its practices impact on performance of companies belonging to the supply chain. Gurtu et al. [111] analyses several companies operating in LSP industry. The findings reveal that several companies deem it necessary to adopt initiatives of reverse logistics. Kim et al. [112] carry out a survey highlighting that customers are more inclined to purchase products of firms adopting green practices. Perotti et al. [113] explore green supply chain management initiatives adopted in the LSP industry in Italy. The findings define both initiatives adopted (e.g., more efficient components design, use of cleaner fuels, empty runs reduction, renewal of loading and unloading system, use of renewable energy sources) and their performance. Ross et al. [114] conduct a survey to explore logistics infrastructure, commercial and environmental differences and social factors among 89 countries. Shi et al. [103] provide a structural model of supply chain management focusing on the relationship between green initiatives performance and factors facilitating green initiatives adoption. Singhry [115] focusses on sustainable transports, sustainable consumption and sustainable reverse logistics. Tachizawa and Wong [116] conduct a study focusing on a qualitative evaluation of environmental performance. Tachizawa et al. [117] explore the interaction among governmental mechanism, GSCM complexity and environmental performance. The paper introduces a number of theoretical concepts concerning supply chain network and complexity of organizational design in order to provide a clear theory regarding energy efficiency and environmental sustainability. Tognetti et al. [118] carry out a case study in a German automotive company, showing how it is possible to reduce CO 2 emission by 30% in a supply chain by optimizing energetic mix.
Regarding the papers concerning economic performance, Azevedo et al. [119] conduct a case study highlighting that managers dealing with green supply chain management have as a target the acquisition of better results in economic and social terms. Ding et al. [120] investigate the impact of government incentives on economic performance in the collaborative supply chain system. Gunasekaran et al. [121] define a number of initiatives concerning the integration of green initiatives and cooperation between the supply chain partners. Lee et al. [122] develop a survey to validate a model on the relationship among different parameters used to verify the performance of GSCM initiatives. Masoumik et al. [123] develop a conceptual model to highlight positive effects that the adoption of green practices may have on competitive advantage. Rao and Holt [90] conduct a survey to identify the relationship among green supply chain management, economic performances, and competitiveness in a sample of companies set in South-East Asia. Shang et al. [124] conduct a survey involving Taiwanese companies to define the main capabilities of a green supply chain and analyze the relationship between green supply chain management initiatives and economic performance. The paper shows that companies involved in the adoption of green supply chain initiatives get better results in terms of trade, brand, and savings. Zaarour et al. [125] develop a mathematical model to demonstrate that many firms are using green supply chain practices to increase their competitiveness. Zhu et al. [126] carry out a statistical model which suggests that the adoption of energy-efficient and green practices affect indirectly economic performance.
Concerning the papers focusing on operational performance, Azadi et al. [127] provide a case study to define a strategic plan for companies operating in freight industry to reduce waste and fuel consumption. Zhu et al. [100] carry out a survey among 39 automotive companies operating in the UK and 89 automotive companies operating in China. The findings define three dimensions (practice, pressure, and performance) and show that UK companies have a reduction in terms of taxes concerning waste treatment and disposal.
As for the papers concerning more types of performance, Adhitya et al. [128] carry out a case study to investigate how environmental sustainability topic is becoming an important business factor. The findings highlight that companies are taking decisional support tools to evaluate environmental impacts resulting from their production. Aksoy et al. [129] develop a mathematical model to study fuel consumption and CO 2 emission according to vehicles technical specifications and shipload. Azevedo et al. [130] conduct a case study to identify the initiatives impacting on performance (e.g., eco-sustainable sources of supply, use of recyclable packaging, reduction of empty runs). Moreover, the paper explores the relationship between GSCM and logistic lean initiatives and their economic and social performance. Carter and Easton [131] explore some GSCM initiatives impacting on corporate performance (e.g., reverse logistics practices, such as the reuse of neglected items). Carter and Rogers [132] develop a survey to demonstrate that companies adopting green supply chain initiatives obtain better economic results than companies which negate the importance of green initiatives. Chan et al. [133] highlight the importance to adopt energy efficiency and environmental sustainability initiatives to improve corporate performance and competitiveness. Chan et al. [134] conduct a case study that aims to demonstrate how to integrate environmental problems in the combination of buyers and sellers in the same supply chain. Moreover, the authors propose the following indicators: waste of energy per unit time per supplier, waste of raw materials per unit time per supplier, and air pollution per unit time per buyer-seller transport. Chiou et al. [135] carry out a survey to identify different initiatives (e.g., reverse logistic initiatives) adopted to reduce energy consumption, solid and toxic waste generation, and CO 2 emissions. Choi and Hwang [136] carry out a survey to investigate how eco-design is positively correlated with both environmental performance and economic performance.
Erol et al. [137] propose a fuzzy logic methodology for the resolution of multi-criteria problems and define a framework to measure supply chain sustainability performance. Gold et al. [138] develop a multi-case study based on fuzzy logic and neural networks in order to evaluate and select the best providers in the LSP industry. Golicic and Smith [139] conduct a meta-analysis to demonstrate the positive relationship between green practices and market-based, operational-based and accounting-based performance. Green et al. [96] develop a model to detect the impact of green supply chain initiatives in the economic, organizational and social way. Hamprecht et al. [140] conduct a case study to connect social and economic performance control in the supply chain. The findings highlight the importance of quality control also for energy-efficient and environmental sustainability initiative in the context of food supply chain. Jabbour [61] develops a multiple case study among several Brazilian companies. The findings show that these companies are sensitive to environmental sustainability problem and they are implementing eco-sustainability initiatives to reduce CO 2 emission. Jabbour et al. [62] conduct a survey to define green supply chain initiatives impacting on internal and external performance. The results connect the following concepts: quality management, eco-sustainability initiatives management, and adoption of GSCM external initiatives influencing environmental performance. Jakhar [141] develops a survey to evaluate the impact of GSCM initiatives (e.g., inter-modal transports) on supply chain performance. Mallidis et al. [142] provide a mathematical model to organize the supply chain as a network and reach the optimal solution to the problem of CO 2 emission. Pullman et al. [92] reveal that an improvement of environmental performances leads to an improvement of products and services quality, which, in turn, improves cost performances. Validi et al. [143] provide a mathematical model to select the shortest path allowing to reduce environmental harmful emission in the field of food supply chain. Yang et al. [144] carry out a survey and apply a structural equation model to demonstrate that the adoption of energy-efficient and green practices positively impacts on competitiveness. Zhu and Sarkis [145] adopt a moderated hierarchical regression analysis to evaluate the relationship between the adoption of green supply chain practices and economic performance. Zhu et al. [146] provide an empirical taxonomy highlighting the differences existing between environmental, economic and operational performance.
The papers included in this area show the need to deepen the influence of energy efficiency and environmental sustainability initiatives on the different types of performance and the necessity for companies adopting those initiatives to adopt performance measurement systems.
TA4. Customer perspective in energy-efficient and sustainable supply chain
The fourth area comprises 23 papers and deals with the customer perspective in energy-efficient and sustainable supply chain (Appendix H). Three sub-areas are identified:
• Papers focusing on the impact of environmental issues on logistics outsourcing (11 papers) • Papers focusing on the inclusion of environmental issues in purchasing contracts (four papers) • Papers focusing on green supplier selection (12 papers)
Moreover, four out of 23 papers fall into different categories. Concerning the papers dealing with the impact of environmental issues on logistics outsourcing, Dam and Perkova [147] provide a mathematical model analyzing a sample of 66 multinational companies. The findings show the main initiatives aiming to reduce CO 2 emission. Frostenson and Prenkert [148] conduct a case study showing the importance that large-size companies confer to environmental issues when customers purchase logistics services and freight services. Gold et al. [138] develop a multiple case study based on fuzzy logic and neural networks to evaluate and select the best suppliers in the LSP industry. Lee [149] explores green supply chain management in several Chinese industries with special emphasis on initiatives concerning outsourcing. The findings show that logistics outsourcing does not allow customers to reduce the use of energy and global warming. Liu et al. [150] develop a mathematical model showing changes concerning sustainability issues. The paper focuses on main factors influencing both green supply chain and customers satisfaction. Sarkis [151] conducts a multiple case study in a sample of 142 companies operating in South Korea to investigate the impact of energy-efficiency and environmental issues on logistics outsourcing. Yang and Sheu [152] carry out a case study highlighting how firms involve supply chain partners in their energy-efficient and sustainable processes.
As regards the papers dealing with the inclusion of environmental issues in purchasing contracts, Lintukangas et al. [153] carry out a survey among 165 Finnish companies to explore the problem of the pressure that companies suffer because of their customer which increasingly require compliance with high standards regarding green supply chain management. Meixell and Louma [154] highlight practices adopted by logistics companies operating in LSP industry to achieve a competitive advantage.
As for the papers concerning LSP selection, Caniels et al. [155] develop a survey among 54 automotive companies to develop a conceptual framework for suppliers' participation in eco-sustainability initiatives. Dai et al. [156] show how environmental management may be used to achieve a competitive advantage. Moreover, authors carry out a survey among 230 companies showing that integration of green supply chain positively impacts on the development of incremental environmental innovation, while integration with customers impacts significantly on environmental innovation. Hitchcock [157] carried out a theoretical study highlighting difficulties that arise in logistics services industry (e.g., UK and China) concerning environmental sustainability adoption. Huang et al. [158] carry out a survey to investigate pressures impacting on LSP selection of small and medium-sized companies in China. Seuring [159] provides empirical methods highlighting intuitions resulting from some projects contributing to obtain a better understanding of green supply chain management. Seuring and Muller [36] highlight a lack towards social side for sustainability and define a quantitative model for green supply chains. Tamosaitiene et al. [160] develop a mathematical model to select suppliers using information from marketing. Yang et al. [161] develop a survey among 112 manufacturing companies in China, highlighting that energy-efficient and environmental initiatives management may influence on technological innovation.
As regards the papers falling into more categories, Hoejmose et al. [162] carry out an empirical analysis of 12 companies operating in different industries. The findings highlight the relationship among management, sustainability performance and supply chain. In particular, the results explore these concepts moving away from the traditional theory that considers them as a single concept. Nawrocka [163] analyses how environmental factors influence logistics outsourcing (e.g., control of governmental media, customers' demands, internal management, brand, society, and resources). Smith and Minutolo [164] highlight the positive relationship between productivity and efficiency measures and provide support to managers to guide suppliers in a sustainable direction. Wilding et al. [165] explore sustainability concept through three analysis levels: dyadic relationship, industry, and corporate network.
The papers included in this area show the crucial role of the customer in the decision-making process of adoption of energy-efficient and environmental sustainability initiatives. Furthermore, these papers do not analyze the way this influencing role translates in the adoption of collaborative supply chain initiatives.
TA5. Information and communication technologies (ICTs) supporting energy efficiency and environmental sustainability initiatives
The fifth area comprises four papers dealing with the role of technological tools supporting the adoption of energy efficiency and environmental sustainability initiatives in the supply chain (Table 4) . Table 4 shows that the content analysis highlights two sub-areas:
• Collaborative systems supporting information diffusion among supply chain partners; • Radio Technology IDentification (RFID) to identify and track objects.
Srivastava [167] highlights the importance of information and communication technologies to obtain a coordination and integration of supply chain initiatives. Soler et al. [102] conduct a case study showing the importance of collaboration among supply chain members. In particular, they suggest comparable methods for the diffusion of information, languages and filing systems to make the flow of information as smooth as possible. Moreover, authors highlight the importance to spread information about green initiatives adopted to obtain a competitive advantage. Prause and Hunke [166] conduct a survey to analyze the issue of pollution generated by couriers. The findings highlight the necessity to optimize the traffic management and improve communication systems; the initiatives considered include the improvement of information transfer among supply chain members, the use of information about road traffic to choose the less busy road, the standardization of software interface and database continuous updating. Smith and Minutolo [164] carry out a survey revealing the importance of RFID, a technology using electromagnetic fields to automatically identify and track tags attached to objects.
The papers included in this topic area highlights that technological tools supporting energy-efficiency and environmental sustainability initiatives need a more comprehensive analysis highlighting the variety of technologies used by supply chain partners. This issue requires a further study to analyze if the ICTs used by firms are appropriate to support their energy efficiency and environmental sustainability initiatives.
The main findings of the literature review are integrated in a literature map (Figure 2 ) on the topic that has allowed us to provide a comprehensive definition of sustainable supply chain initiative. A sustainable supply chain initiative should include: (1) the sustainable drivers aimed to produce environmental sustainability strategies involving the partners; (2) the sustainable practices, i.e., the environmental techniques and methods shared with supply chain partners to achieve the sustainable aims; (3) the enabling technologies, namely the specific collaborative systems supporting the sustainable practices. According to this conceptualization a sustainable supply chain initiative is a multifaceted concept incorporating a managerial perspective (the sustainable drivers), an organizational perspective (the sustainable practices) and a technological perspective (the enabling technologies). The main sustainable supply chain initiatives concern administrative, transport and efficiency issues and can have a dual focus on intra-organizational and inter-organizational aspects.
The literature map highlights that the adoption of sustainable initiative is affected by a set of drivers and barriers that have an impact on the environmental, economic and operational performance of the individual firm and the supply chain. Pure drivers are factors affecting positively the adoption of energy efficiency and environmental sustainability initiatives, but their lack would not negatively affect their acquisition. Pure barriers are factors hindering the adoption of energy efficiency and environmental sustainability initiatives, but whose lack would not drive their acquisition. Contextual drivers or barriers are factors whose presence would affect positively/negatively the adoption of energy efficiency and environmental sustainability initiatives, but whose lack would positively hinder/affect their acquisition (e.g., firm size, standard regulations, organization support).
In summary, the literature map points out that the framework of knowledge in the field of environmental sustainability and energy-efficient supply chain management is in evolution in the current literature. In fact, thanks to the enabling collaborative technologies, cheaper and very easy to use systems are available posing reduced financial, technical and cultural barriers. This aspect stresses that the scenario is evolving and is offering firms new managerial and technological opportunities to explore in the field of sustainable supply chain management. 
Conclusions and Implications
This paper provides a structured review on the topic of energy efficiency and environmental sustainability in the supply chain management context to identify the main factors influencing positively or negatively the adoption of energy efficiency and environmental sustainability initiatives, the main initiatives adopted, the impact of these initiatives on supply chain performance, the information and communication technologies supporting these initiatives, and the customer perspective in energy-efficient and sustainable supply chain.
The descriptive analysis provides a summary overview of the 122 selected papers, highlights a positive research trend on the topic involving papers published in journals focusing on different subject areas (e.g., supply chain management, logistics, transportation, engineering, information management). As for the methodology adopted, many papers are based on surveys, with a lower percentage of papers using other methodologies (e.g., case studies, conceptual model, mixed approaches). The methodological analysis of the selected papers highlights that the qualitative literature on the topic neglects longitudinal case studies. This result allows us to identify a research gap concerning the evolution in environmental awareness and the consequent evolutionary process of firms in adopting energy-efficient and sustainable initiatives. This aspect demonstrates that the framework of knowledge in the field of environmental sustainability and energy-efficient supply chain management is in evolution in the current literature and this result provides guidance for the necessity of future longitudinal research. In fact, thanks to the enabling collaborative technologies, cheaper and very easy to use systems are available posing reduced financial, technical and cultural barriers. This aspect stresses that the scenario is evolving and is offering firms new managerial and technological opportunities to explore in the field of sustainable supply chain management.
The content analysis has allowed us to identify five different topic areas: (1) factors influencing energy efficiency and environmental sustainability initiatives, (2) classification of energy efficiency and environmental sustainability initiatives, (3) impact of energy efficiency and environmental sustainability on supply chain performance, (4) customer perspective in energy-efficient and sustainable supply chain, and (5) information and communication technologies (ICTs) supporting energy efficiency and environmental sustainability initiatives
The content analysis of these five topic areas has allowed us to identify five main research gaps. These gaps allow us to formulate possible research questions to be investigated by future research on the topic.
Starting from the first topic area focusing on the main factors influencing energy efficiency and environmental sustainability initiatives, it emerges the necessity to provide a contextual classification of a set of factors and barriers that drive or hinder the adoption of energy efficiency and environmental sustainability initiatives, and conduct more empirical investigation in the field of supply chain management. This gap allows us to formulate the first and second research questions: RQ1: What is the set of factors affecting positively and negatively the adoption of energy efficiency and environmental sustainability initiatives in the supply chain? RQ2: How do factors affecting the adoption of energy efficiency and environmental sustainability act as a pure or contextual driver or barrier?
The second topic area dealing with the classification of energy efficiency and environmental sustainability initiatives has highlighted the necessity to identify an interpretative taxonomy of the initiatives that a firm could adopt to support environmental sustainability strategies. The third research question that arises then is:
RQ3: How can be identified an interpretative taxonomy of energy efficiency and environmental sustainability initiatives in the field of supply chain management?
The third topic area on the impact of energy efficiency and environmental sustainability on supply chain performance has shown a gap in the literature which lead us to propose the following two research questions: RQ4: What is the impact of energy efficiency and environmental sustainability initiatives on the different types of performance? RQ5: How can supply chain performance be evaluated in terms of both energy efficiency and environmental sustainability?
The fourth topic area focusing on customer perspective in energy-efficient and sustainable supply chain has highlighted that the collaborative initiatives' adoption based on the vertical dyadic customer-supplier relationship is not sufficiently analyzed. Starting from this gap, it is possible to define the following research question:
RQ6: How does the vertical dyadic customer-supplier relationship impact on the adoption of collaborative supply chain initiatives?
Finally, the fifth topic area dealing with the role of information and communication technologies (ICTs) supporting energy efficiency and environmental sustainability needs a more comprehensive analysis to identify a set of technologies that could support the individual firms and the entire supply chain towards energy-efficient and environmental objectives. From this research gap the following research question may be formulated: RQ7: What is the set of ICTs supporting the adoption of environmental sustainability initiatives?
Starting from this research question, firms could face misalignment problems between the diffusion of the specific technologies adopted and the specific initiatives carried out by other firms operating in their supply network. In fact, despite nowadays firms are technologically prepared for the adoption of green strategies, they could not have a full understanding of their integrated role to be able to perform a variety of supply chain initiatives towards both energy efficiency and environmental sustainability objectives. Firms providing such services typically have a good understanding of their customers' needs. In fact, firms typically already own technological tools before the adoption of sustainability programs, but they are adopted with other aims in view, and to manage other business processes. Not fully understanding their energy efficiency and environmental sustainability adoption processes and consequently how to achieve their green aims leveraging on organization practices with the support of technological tools, firms tend not to exploit the potential of technological assets. Therefore, they are achieving their energy efficiency and sustainability objectives with an unexploited potential and this is a cultural gap affecting the entire supply chain.
To integrate the results of content analysis and draw out more fine-grained insights for the reader a literature map on the topic has been provided. This literature map, bringing together the manifold research streams, aims to provide the basis for advancing both research and practice. The adoption of sustainable initiative is affected by a set of drivers and barriers and have an impact on the environmental. economic and operational performance of the individual firm and the supply chain. Pure drivers are factors affecting positively the adoption of energy efficiency and environmental sustainability initiatives, but their lack would not negatively affect their acquisition. Pure barriers are factors hindering the adoption of energy efficiency and environmental sustainability initiatives, but whose lack would not drive their acquisition. Contextual drivers or barriers are factors whose presence would affect positively/negatively the adoption of energy efficiency and environmental sustainability initiatives, but whose lack would positively hinder/affect their acquisition (e.g., firm size, standard regulations, organization support).
The literature map points out that the framework of knowledge in the field of environmental sustainability and energy-efficient supply chain management is in evolution in the current literature. In fact, thanks to the enabling collaborative technologies, cheaper and very easy to use systems are available posing reduced financial, technical and cultural barriers. This aspect stresses that the scenario is evolving and is offering firms new managerial and technological opportunities to explore in the field of sustainable supply chain management.
The above-presented research gaps identify some possible future areas of investigation in the context of energy-efficient and sustainable supply chain management. A first future research direction concerns the issue of sustainable business models in the context of environmental sustainability and energy-efficient supply chain. A second future research direction regards the analysis of the evolution in environmental awareness and the consequent evolutionary process of firms in adopting energy-efficient and sustainable initiatives. In fact, the framework of knowledge in the field of environmental sustainability and energy-efficient supply chain management is in evolution in the current literature and this result provides guidance for the necessity of future longitudinal research. In fact, thanks to the enabling collaborative technologies, cheaper and very easy to use systems are available posing reduced financial, technical and cultural barriers. This aspect stresses that the scenario is evolving and is offering firms new managerial and technological opportunities to explore in the field of sustainable supply chain management. These future areas of investigation need to take into consideration not only the vertical dyadic customer-supplier relationships, but also the horizontal supplier-supplier relationships within the supply network. Finally, this study has some limitations, some of which can be addressed by future research. In fact, according to Roehrich et al. [81] , this review provides an overview of the topic investigated, but does not deploy an analytical framework and not generate detailed hypotheses for empirical analysis. In addition, this review is based on manual filtering and is mainly based on the analysis of the researchers and their interpretation of the literature is inevitably influenced by their critical perspectives. This, undoubtedly, is both the strength and weakness of structured literature reviews. Therefore, despite some degree of human subjectivity is indispensable to carry out literature reviews and provide an in-depth understanding of qualitative aspects, future research avenues could analyze the same body of literature by adopting bibliometric analysis.
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